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Abstract 12 
A measurement campaign was conducted from 3 to 19 December 2012 at an urban 13 
site of Brisbane, Australia. Size distribution of ions and particle number 14 
concentrations were measured to investigate the influence of particle formation and 15 
biomass burning on atmospheric ion and particle concentrations. Overall ion and 16 
particle number concentrations during the measurement period were found to be (-1.2 17 
x 103 cm-3 | +1.6 x 103 cm-3) and 4.4 x 103, respectively. The results of correlation 18 
analysis between concentrations of ions and nitrogen oxides indicated that positive 19 
and negative ions originated from similar sources, and that vehicle exhaust emissions 20 
had a more significant influence on intermediate/large ions, while cluster ions rapidly 21 
attached to larger particles once emitted into the atmosphere. Diurnal variations in ion 22 
concentration suggested the enrichment of intermediate and large ions on new particle 23 
formation event days, indicating that they were involved in the particle formation 24 
processes. Elevated total ions, particularly larger ions, and particle number 25 
concentrations were found during biomass burning episodes. This could be due to the 26 
attachment of cluster ions onto accumulation mode particles or production of charged 27 
particles from biomass burning, which were in turn transported to the measurement 28 
site. The results of this work enhance scientific understanding of the sources of 29 
atmospheric ions in an urban environment, as well as their interactions with particles 30 
during particle formation processes. 31 
 32 
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Highlights: 35 
1. Concentration and size distribution of atmospheric ions were measured 36 
2. Transport contributes to large ions but enhances sink of cluster ions in urban areas 37 
3. Atmospheric ions involved in new particle formation processes in urban areas 38 
  39 
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1. Introduction 40 
Atmospheric ions are mainly formed by the ionization of air molecules by cosmic 41 
rays from space, or alpha radiation from natural radioactive materials such as Rn-222 42 
in the ground and its airborne progeny (Reiter 1992). In addition, an increase in 43 
cluster ion concentration has also been observed during nucleation events in boreal 44 
environments (Vana et al., 2006). Moreover, ions are known to be emitted from 45 
combustion processes, hot surfaces and flames (Maricq, 2006; Fialkov, 1997; Peineke 46 
and Schmidt-Ott, 2008), as well as during the break-up of water droplets (Laakso et 47 
al., 2007). In urban environments, vehicle emissions are the major source of many 48 
pollutants including ions and charged particles. Cluster ion concentration (< 2 nm) 49 
measured near roadside and motorway sites has been found to be several times higher 50 
than that in the urban background (Jayaratne et al., 2010). 51 
 52 
Previous studies of ion measurements have focused on contribution of ions (i.e. 53 
ions induced nucleation, IIN) to the particle formation process in rural areas (e.g., 54 
Laakso et al., 2004; Hirsikko et al., 2007), whereas limited studies have been 55 
conducted in urban environments (Hirsikko et al., 2011). In an urban setting, particle 56 
sources are more complex than those in rural areas due to the mixing of different 57 
combustion emissions, such as those from transportation (e.g. motor vehicles, ships 58 
and aircraft), industrial sources, power plants, and occasionally biomass burning and 59 
eolian dust particles from rural areas (Morawska et al., 2008; González and Rodríguez 60 
2013). Different sources have their own pollution characteristics which interact with 61 
each other, thereby making it difficult to interpret the resulting data in relation to the 62 
physico-chemical properties and formation mechanisms. Elevated particle number 63 
concentration (PNC) associated with new particle formation (NPF) events has been 64 
frequently observed in Brisbane during the warm season (Cheung et al., 2011). 65 
Kalivitis et al. (2012) found a negative correlation between cluster ion and black 66 
carbon concentrations where the loss of cluster ions were due to ion attachment on the 67 
accumulation particles associated to the black carbon source in the study area. 68 
Although the characterization of atmospheric particles associated with NPF and 69 
biomass burning has been studied, very few reports were made pertaining to ions and 70 
charged particles. The study of atmospheric ions is vital, not only due to their 71 
potential impacts on human health, but also their involvement in atmospheric particle 72 
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formation processes (Fews et al., 1999; Henshaw 2002; Hirsikko et al., 2007). 73 
 74 
The aim of this study was to investigate the influence of NPF and biomass burning 75 
on the variation of atmospheric ion and particle number concentrations in an urban 76 
environment. In this paper, we present the size distribution of ions and PNC measured 77 
in an urban area of Brisbane, Australia. New particle formation and the transport of 78 
biomass burning emissions from upwind of the site were both observed in the study 79 
area where ambient levels of ion and aerosol particles were elevated. To our 80 
knowledge, this is the first report on the variations of ion size distribution under the 81 
influence of biomass burning in an urban environment. The results enhance our 82 
understanding of the sources of atmospheric ions and their interactions with particles 83 
during the particle formation process. 84 
 85 
2. Methodology 86 
2.1 Study design 87 
The measurements were conducted at the International Laboratory for Air 88 
Quality and Health (ILAQH), Queensland University of Technology (QUT) (see Fig. 89 
1 for map). The monitoring site was about 10 m a.g.l. on the top floor of a QUT 90 
campus building, which lies to the south of the city center, with a major highway (the 91 
Pacific Motorway) carrying about 120,000 motor vehicles per day situated about 100 92 
m away along the southwest of the site. The other major sources of air pollutants in 93 
Brisbane include the airport, oil refinery and Port of Brisbane located about 10 km to 94 
the northeast of the campus, and a gas-fired power plant located about 40 km to the 95 
southwest of the sampling site. Therefore, the pollution associated with the 96 
northeasterly winds could be mainly attributed to industrial and aircraft/ship 97 
emissions, while that associated with southerly to northwesterly winds was due 98 
mostly to local traffic exhaust emissions in addition to the plumes of power plant. 99 
 100 
Monitoring was conducted from 3 to 19 December 2012, when nucleation events 101 
were most likely to occur (Cheung et al, 2011). Furthermore, controlled burning 102 
generally continued around Brisbane at this time of the year and we wished to 103 
investigate the effect of biomass burning emissions on the ion concentrations. In the 104 
context, the results of this investigation should be attributed generally to the 105 
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characteristics of ions and aerosols for biomass burning season in Brisbane. During 106 
the sampling period, prevailing synoptic winds in the Brisbane area were from the 107 
northeast, except from 10 to 15 December, when southeasterly winds dominated. 108 
During the study period, the mean temperature was observed to be 27 °C, with 109 
minimum and maximum temperatures of 18.9 °C and 41.9 °C, respectively. A light 110 
breeze (~1-3 m s-1) was generally observed, with light precipitations on 8th (0.6 mm), 111 
10th (0.6 mm), 11th (5.4 mm) and 19th (1 mm) of December. 112 
 113 
 114 
Figure 1. Geographical locations of the monitoring site of this study and the major air 115 
pollution sources in the Brisbane. 116 
 117 
2.2 Measurement techniques 118 
The size distribution of ions, charged and neutral particles were measured by a 119 
Neutral cluster and Air Ion Spectrometer (NAIS, Airel Ltd.) at the QUT monitoring 120 
site. The detection size range of the instrument was from 0.8 to 42 nm for both ions 121 
and particles. The NAIS consisted of two identical electrical mobility analyzer 122 
columns, one for each polarity, so that ions of both signs could be monitored 123 
simultaneously. The aerosols were size-classified by the mobility analyzers and 124 
measured with an array of 21 electrometers in each column. The air sample was 125 
drawn into the NAIS from outside the building through a 2.54 cm (inner diameter) 126 
conductive rubber tube with a length of 1100 mm, at a sampling flow rate of 60 Lpm 127 
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(30 Lpm in each column). The instrument is designed to sample in a cycle and the 128 
sampling duration was set to 2 min per sample. PNC was continuously measured by a 129 
Condensation Particle Counter (CPC, TSI 3787) which counted total number of 130 
particles from the size range of ≥ 5 nm. The sample was drawn through a 6.35 mm 131 
(inner diameter) conductive rubber tube and the data time resolution was 1 min. 132 
Sulfur dioxide concentration (SO2) was measured by a pulsed UV fluorescence 133 
analyzer (Ecotech 9850, with a detection limit of 0.5 ppbv and accuracy of ±1% of 134 
instrument reading) with a sampling interval of 5 min. Span and zero calibrations 135 
were conducted before and after the study. 136 
 137 
In addition, carbon monoxide (CO), nitrogen dioxide (NO2) and mass 138 
concentration of PM2.5 and PM10, as well as meteorological parameters (including 139 
wind speed/direction, temperature, relative humidity, and global solar radiation) 140 
measured by Queensland Department of the Environment and Heritage Protection 141 
(EHP) in the city of Brisbane were used to assist with the data analysis. A detailed 142 
description of the instruments used for the acquisition of meteorological data is 143 
available at the EHP website 144 
(http://www.ehp.qld.gov.au/air/pollution/pollutants/index.html). 145 
 146 
2.3 Data processing and analysis 147 
During the sampling period, the NAIS data was found to be affected by emissions 148 
from cleaning equipment operated at 06:00 LT on campus during weekdays, therefore 149 
the corresponding data (~ 30 - 60 min) was removed from the database. Spurious 150 
events also resulted in occasional data spikes on the NAIS. In order to eliminate these, 151 
the upper limit of the ion concentrations was set to 105 cm-3. Particle diffusional loss 152 
through the sampling tube in the NAIS was calculated as ~3 % at 2 nm ion size, thus 153 
no diffusional loss corrections were applied to ion concentrations. The ion data were 154 
then classified into groups according to size as follows: i) cluster ions (≤ 1.6 nm), ii) 155 
intermediate ions (1.6 nm < d ≤ 7 nm), large ions (7 nm < d ≤ 42 nm), and iv) total 156 
ions (≤ 42 nm). 157 
 158 
3. Results and discussion 159 
3.1 Overall results 160 
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During the period of 3 to 15 December 2012, four clear particle formation events 161 
were observed, which occurred on 9, 13, 14 and 15 December. During the later stage 162 
of the study (16-19 December 2012), a bushfire occurred about 200 km north of the 163 
monitoring site. Northerly winds dominated during 16 to 19 December and carried the 164 
biomass burning emissions to the study area, resulting in an increase in particulate 165 
matter pollution and elevated levels of ions. In this section, we focus our discussion 166 
on the variation and possible sources of the ions for the entire study period. The 167 
specific influence of NPF and biomass burning on ion and particulate matter 168 
concentrations will be discussed in later sections. 169 
 170 
The median number concentrations of ions and aerosol particles were found to be 171 
-1225 cm-3 | +1639 cm-3 (total ions), -221 cm-3 | +301 cm-3 (cluster ions) and 4389 172 
cm-3 (PNC), respectively (- / + signs are used to represent the negative / positive 173 
polarities of ions) (see Table 1). The ion concentrations are similar to those measured 174 
in other urban areas, such as the Yangtze River Delta, China (median: 770 cm-3 for 175 
total ions, Herrmann et al., 2013) and Kuopio, Finland (mean: -320 cm-3| +280 cm-3 176 
for cluster ions, Titta et al., 2007). 177 
  178 
8 
 
Table 1. Summary of the number concentration of cluster and total ions, and PNC for various 179 
periods throughout this study. 180 
 181 
Period Parameters Median S.D. 95% 
percentile 
5% 
percentile 
Sample 
no. 
Whole period (3 
– 19 Dec 2012) 
-ve cluster ions (cm-3) 221 65 327 102 406 
+ve cluster ions (cm-3) 301 90 426 130 406 
-ve total ions (cm-3) 1225 667 2472 867 406 
+ve total ions (cm-3) 1639 2586 3450 1178 406 
PNC (cm-3) 4389 10194 17290 1516 379 
3 – 15 Dec 2012 -ve cluster ions (cm-3) 232 56 330 148 310 
+ve cluster ions (cm-3) 316 75 432 162 310 
-ve total ions (cm-3) 1195 576 2256 857 310 
+ve total ions (cm-3) 1634 671 2590 1176 310 
PNC (cm-3) 4144 9645 12612 1345 283 
16 – 19 Dec 2012 -ve cluster ions (cm-3) 178 71 280 39 96 
+ve cluster ions (cm-3) 228 91 363 53 96 
-ve total ions (cm-3) 1376 859 2965 956 96 
+ve total ions (cm-3) 1656 5024 12036 1246 96 
PNC (cm-3) 5570 11447 26769 2302 96 
 182 
 183 
The cluster ion data were classified further into daytime (08:00 – 16:00) and 184 
nighttime (20:00–04:00) sub-groups. The nighttime interval was chosen in order to 185 
remove the influence of photochemical reactions that were prevalent during daylight 186 
hours. Positive and negative cluster ions were found to be well correlated (r: 0.91 - 187 
0.93; p < 0.01) with a slope value of 0.66 and 0.68 for daytime and nighttime, 188 
respectively (see Figure 2a-b). With similar charge ratios, these results suggested that 189 
both negative and positive ions were generated from the same source or sources, and 190 
the influence of photochemical reactions on the ion charge balance was limited. 191 
 192 
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   193 
Figure 2. Scatter plots of negative and positive cluster ions during (a) daytime and (b) 194 
nighttime. 195 
 196 
Since nitrogen oxides is an indicator of vehicle exhaust emissions in urban 197 
environments (Cheung et al., 2013), the relationship between ion concentrations and 198 
NO2 mixing ratios was examined to study the influence of local vehicle emission on 199 
the former. Figure 3(a-c) illustrates the correlation between the total concentrations 200 
(sum of negative and positive polarities) of a) cluster ions, b) intermediate ions and c) 201 
large ions against NO2 during the nighttime. Because the influence of photochemical 202 
production was negligible during the nighttime, ions were mostly produced by local 203 
vehicle exhaust emissions and/or other natural sources. A negative correlation was 204 
found between cluster ions and NO2, while positive correlations were found between 205 
large ions and NO2 (r: 0.65, p<0.01). Similar patterns were found between ion 206 
concentrations and PNC (see Figure 4(a-c)). These findings suggested that vehicle 207 
exhaust emissions contained large ions and particles, which could enhance the 208 
coagulation sink of cluster ions and be a possible cause of the negative correlation 209 
found between cluster ions and NO2/PNC, whereas a positive correlation was found 210 
for large ions (Cheung et al., 2013; Jayaratne et al. 2013). 211 
 212 
 213 
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  214 
 215 
Figure 3(a-c). Scatterplots between the total concentrations of a) cluster ions, b) intermediate 216 
ions and c) large ions and NO2 at nighttime (20:00 – 04:00 LT). 217 
 218 
219 
 220 
Figure 4(a-c). Scatterplots between the total concentrations of a) cluster ions, b) intermediate 221 
ions and c) large ions and PNC at nighttime (20:00 – 04:00 LT). 222 
 223 
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Figure 5(a-c) shows the wind rose plots for a) cluster ions, b) intermediate ions 224 
and c) large ions. For cluster and intermediate ions, relatively weak directional 225 
dependency was observed compared to that for large ions. In previous studies, 226 
anthropogenic pollution (including local vehicle and industrial emissions) was found 227 
to be dominant when southwesterly and northeasterly winds prevailed (Cheung et al., 228 
2011, 2012). The results of this study further suggested that higher large ion 229 
concentrations were also associated with the southwest / northeast directions, whereas 230 
the relatively uniform concentrations for cluster and intermediate ions were attributed 231 
to neutral ion production, such as the ionization of air molecules by cosmic rays. 232 
Although vehicle exhaust emissions were found to be a major source of cluster ions in 233 
urban areas (Ling et al., 2010), their concentration fell to the background level within 234 
about 20 meters from their sources (Jayaratne et al., 2010). Thus, considering an 235 
approximate distance of 100 meters between major roads and the measurement sites, 236 
the impact of vehicle emissions on cluster/intermediate ion concentrations in the 237 
atmosphere could be insignificant, with only a slightly positive bias for the cluster ion 238 
concentrations associated with a southwesterly direction. 239 
  240 
 241 
Figure 5. Wind rose plots of a) cluster ions, b) intermediate ions and c) large ions. Solid line: 242 
-ve ions, and dash line: +ve ions. 243 
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3.2 Influence of new particle formation 244 
The time series plots of ions / charged particles during NPF events are illustrated in 245 
Figure 6. Although the size distribution of the ions / charged particles did not show a 246 
clear “banana” shape (which is a typical feature for particle formation), the increase in 247 
intermediate ions can be used as an indicator of particle growth during the sampling 248 
day (Hirsikko et al., 2007). A NPF event is defined as the increase of the number 249 
concentration of intermediate ions followed by the particle growth from nucleation 250 
mode into Aitken mode in a few hours. Four events were observed which were on 9th, 251 
13th, 14th and 15th December 2012. Increase of intermediate ion concentrations were 252 
observed at the initial stage of the events and followed by the particle growth into 253 
larger sizes which last for a few hours. The ion concentrations measured during NPF 254 
event and non-event days are tabulated in Table 2. Significantly higher concentrations 255 
were found for intermediate ions (19-26 % higher) during NPF events, compared to 256 
non-event days, but it was only 7-8 % and 6-8 % higher for cluster and large ions, 257 
respectively. It should be noted that two plumes of PNC were observed on 10 258 
December 2012. For the first plume (~07:00 -08:00 LT), the increase of intermediate 259 
ions was instantaneous and did not grow gradually to larger ions neither forming the 260 
distinct “banana” in the size spectra, therefore this was not classified as a NPF event 261 
(see Fig. 6). For the second plume (~13:00 – 16:00 LT), similarly, intermediate ions 262 
increased and subsided instantaneously and without undergoing a particle growth 263 
process. Therefore, the two plumes observed on 10 December were not defined as 264 
NPF event in this study (see Fig. S1 in the supplementary section for details). 265 
 266 
 267 
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 268 
Figure 6. From bottom to top: time series of size distribution of i) negative and ii) positive 269 
ions and number concentrations of iii) cluster/ intermediate/ large ions and iv) PNC. NPF 270 
events were highlighted as indicated by increases of both intermediate and large ions. 271 
 272 
 273 
 274 
 275 
 276 
Table 2. Summary of ion concentrations measured during NPF event and non-event days. 277 
 278 
 Event days Non-event days 
 Median S.D. No. of data Median S.D. No. of data 
PNC 5046 15542 96 3875 2929 187 
-ve cluster ions 246 64 96 228 52 214 
-ve intermediate ions 159 95 96 125 65 214 
-ve large ions 822 734 96 776 499 214 
-ve total ions 1249 693 96 1175 503 214 
+ve cluster ions 337 77 96 311 73 214 
+ve intermediate ions 184 82 96 153 59 214 
+ve large ions 1161 667 96 1067 677 214 
+ve total ions 1715 606 96 1573 686 214 
 279 
 280 
 281 
 282 
 283 
 284 
 285 
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Diurnal variations of the negative and positive ions are depicted in Figure 7, 286 
which shows the temporal variations of the ions on NPF event and non-event days. 287 
The results show that there was an increase in ions from the cluster/intermediate to 288 
large size range during morning to noontime on the event days (i.e. 08:00 LT for 289 
cluster/intermediate ions and 10:00 LT for large ions). Moreover, higher 290 
concentrations of intermediate and large ions were observed for event days compared 291 
to non-event days (see middle and upper panel of Figure 7). In constrast, a lower 292 
concentration of cluster ions was found during the noontime (~ 10:00 – 15:00 LT) on 293 
event days, which was due to their enhanced attachment to particles which increased 294 
during NPF events (Hõrrak et al., 2008). In addition, the relationship between cluster, 295 
intermediate and large ion concentrations and the indicator of sulfuric acid production 296 
(as represented by the product of SO2 and solar radiation (SR)) are shown in Figure 297 
8a-b. A negative correlation was found for cluster/intermediate ions vs. O2*SR with r 298 
values of -0.64 to -0.89 (see Figure 8a-b), while a positive correlation was observed 299 
between large ions and SO2*SR (r: 0.66; p < 0.01, see Figure 8c). Also, similar 300 
patterns of scatter plots were found between ions and PNC, with r values of -0.83 to 301 
-0.95 for cluster/intermediate ions and 0.97 for large ions. The increase in PNC with 302 
SO2*SR was shown to be accompanied by a corresponding decrease in 303 
cluster/intermediate ions and an increase in large ions. These results suggested that 304 
intermediate ions were produced in the earlier stage of NPF events, followed by 305 
growth processes which led to the formation of large ions. Moreover, the negative 306 
correlations between cluster/intermediate ions and PNC/SO2*SR suggested that both 307 
cluster/intermediate ions were rapidly coagulated with the large particles during 308 
particle formation, so that a positive relationship was only obtained between large 309 
ions and SO2*SR. In summary, the results showed that both intermediate and large 310 
ions were involved in particle growth and formation processes, which were enhanced 311 
with the presence of sulfuric acid. 312 
 313 
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 314 
Figure 7. Diurnal variations of negative and positive ions obtained for NPF event days and 315 
non-event days. From bottom to top: i) cluster ions, ii) intermediate ions and iii) large ions. 316 
 317 
 318 
319 
 320 
Figure 8(a-f). For upper panel, scatter plots between the total concentrations of a) cluster ions, 321 
b) intermediate ions and c) large ions and SO2*SR during the NPF events. For lower panel, 322 
scatter plots between the total concentrations of d) cluster ions, e) intermediate ions and f) 323 
large ions and PNC during the NPF events. 324 
 325 
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3.3 Influence of biomass burning 326 
During the later stage of the measurement period (16 - 19 December 2012), a 327 
bushfire occurred about 200 km north of Brisbane. Figure 9 shows the temporal 328 
variations of PM10 and wind direction/speed measured at QUT, Mount Creek (MC) 329 
and Flinders View (FV) stations. During this period, the transport of PM10 was 330 
observed from the upwind area of MC to QUT and further downwind to the FV area, 331 
as indicated by the predominant northerly winds at all three stations. At the upwind 332 
MC station (~100 km north to QUT), PM10 reached 60 µg m-3 in the evening (~ 23:00) 333 
of 16 December 2012. An increase of PM10 was then observed at QUT and FV at a 334 
later time. The PM10 measured at QUT increased from about 20 µg m-3 to 55 µg m-3, 335 
which was about 2 times higher than that before the impact from biomass burning (i.e. 336 
PM10 was below 20 µg m-3 on 16 December 2012). The influence of biomass burning 337 
can also be indicated by the ratio of carbon monoxide to nitrogen dioxides 338 
(∆CO/∆NO2). In general, higher ∆CO/∆NO2 value was  found under the  influence of 339 
biomass  burning  (~24.6)  and  lower  ratio  was  observed  when  vehicle  emission  is 340 
dominant source (~9.7) in Brisbane region (Cheung et al. 2011). During the period of 341 
16  –  19  Dec,  relatively higher ∆CO/∆NO2 mixing ratios were obtained during the 342 
evening/early morning when the impact of local vehicle emission was minimized 343 
during the nighttime (bottom panel of Figure 9). The results suggested that the 344 
biomass burning contributed to the elevated PM10 observed at the measurement site. 345 
A significant increase in total ion concentrations was found on 16-17 December 346 
during the biomass burning episode as indicated by the high ∆CO/∆NO2 ratio. On the 347 
other hand, the relatively lower concentration of cluster ions was likely due to the 348 
recombination of existing cluster ions and their attachment to the large particles 349 
during transport from the source region to the measurement site. Furthermore, 350 
moderate linear correlations were found between PNC and CO, and total positive ions 351 
and CO (r = 0.69 and 0.62, respectively), indicating the impact of biomass burning on 352 
atmospheric particle number and ion concentrations in the study region (see Figure 353 
S2). To date, there has been a lack of research on ions from biomass burning 354 
emissions, and thus, further investigation is needed to explain these findings. 355 
 356 
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 357 
Figure 9. Time series of PM10 measured at Mount Creek (MC), QUT, and Flinders View (FV) 358 
and ∆CO/∆NO2 (QUT only) during the period of 16-19 December 2012 (bottom panel). 359 
Wind vector and wind speed were illustrated in upper panel. 360 
 361 
 362 
4. Conclusions 363 
Continuous measurements of atmospheric ion and particle number concentrations 364 
were conducted in an urban area of Brisbane, Australia during 3 to 19 December 2012. 365 
The median total ion and particle number concentrations were found to be (-1.2 x 103 366 
cm-3 | +1.6 x 103 cm-3) and 4.4 x 103 cm-3, respectively, over the entire sampling 367 
period. Significant correlations were found between negative and positive cluster ions, 368 
which suggested that they were from similar sources. The correlation analysis 369 
between ion and nitrogen oxides concentrations showed that the influence of vehicle 370 
exhaust emissions on cluster ions was less significant than on intermediate and large 371 
ions in an urban environment. Cluster and intermediate ion concentrations did not 372 
show strong wind direction dependence compared to that of large ions, which implied 373 
that cluster and intermediate ions measured at this site were from natural sources 374 
rather than industrial/vehicular sources (which were mainly located in the northeast 375 
and southwest regions). Under the influence of NPF, the median total ion (d ≤ 42 nm) 376 
concentrations were found to be (-1249 cm-3 | +1715 cm-3) for event days, which were 377 
higher than that for non-event days (-1175 cm-3 | +1573 cm-3). Diurnal variations of 378 
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the ion concentrations on the NPF event and non-event days showed that intermediate 379 
and large ions increased during NPF events, indicating that they were involved in the 380 
particle formation process. Elevated total ions, especially larger ions, and PNC were 381 
found during the biomass burning episode, which probably showed the attachment of 382 
cluster ions on accumulation particles associated to the biomass burning emission, 383 
which were in turn transported to the measurement site. The results of this work 384 
strongly suggested that further studies are necessary to investigate the impact of 385 
biomass burning on the atmospheric ion budget in greater details. 386 
 387 
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